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NArUREl VOL 40)| 17 FBBRUAJQr2OOOll0ViuJSAtuze. 



788 



BEST AVAILABLE COPY 



letters to nature 



oelli ihil originate from fietol trvpihobUuU. V% ahow fhst peprctf- 

^ lannBtlon of gSosii lymfilB* sad foiiaa of « homni 
txophobbistic cell liiu apteidBg jgndogcnflw J91U>«Iii w be 
faW**^*^*^ Iry ca ind-flyncytbx Mndscram. Our data fadfeatft dut 
fyacftln msy mediate plAcenlol cjctoCMpibjiUsst fiuloa In 
and thus may ba Important is faunan placmtal nxfirphD^ncsifr 

A Gomplenmtasy DKA. fiagment aoraptuiDg du 5' md of the 
syncytin gene wa3 uolated frum a human totis library as part of a 
project to ide&cL^ aovd aecreeed proteiiu uaisg Cbe yean signal 
sequence xjaxp\ A fon-ieagth fauraan syncytin cPNA wu snbst- 
qUfiBXiy isolated &om die same source: its sequenee ond features are 
shown in 1. 

Protein homology seerchefi of public databases using the ffyncytin 
protein «s the qiiery reveal rignlficamaimilazity to ineny retroviral 
envelope procdios, in psxtScular to cnv peoteioj encoded by a 
newly identified human endogenous rBoovirus, HBRV-W* XGen- 
Bonk BOCfssian na AAD14546» 100% identity), a baboon endogcnona 
retzo^nis (GenBank acceasioa no. D10D32. 34% Idmdty) and 



a 




Psm2.£r}TO^QBna Mbudon and axpresstoa a. iMsmW&st^K^iyoeyin 
eKpras^ m human tia^uaa. PvH^W* RNAfrom 23 lissuea wn pnM wtft (he ^e>tfn 
ooJIna lagiofl. Lans 1 : placamatenori eitpraiirs); 2: hean; 3: brain: 4: placsritB; 5: ijs)^; 
ft Bvsr; 7: akalatd muacia; 8: Mdoay: 9: panofeaa; 10: apieen; llitfiynuis; 12: proatats; 
13: tBBQs; 14; ovaiy; 15: amsD imsGdna; 16: colan; 17: peitpnarolbload tau)QC3/»: 10: 
stuDfich: 1 8: fnyrdd; 20: splnai chad; 21 : iymoh node; 22: tmchea; 23; adrenal: 24: 
bona marroiM. Tha /S'-aodn tcsdlng control la mown {laiow. b, Zamitam ttot of oanomto 
DTMImnlittspadspnibBdwMtk^y^^ cONA. Urol: human; 2; 

ftKwua rronl<ay;'3; rai; 4: moiHs; 5: dog: 8: oow; 7-: rabbh; B: cWdcsn; 8: )«aat 

e^Dc^ cfidlna region. RNAwea darlvod bum (Q SsWO cftoilocardnans calls {± rorelcoiln 
treatmem); (U) JEG3 choftuertinonu cans (± forskollnlrBalniaa]); and Oil) buman tarm 
plamma Tbs foailino eonirol la shown; esnlmataB of fold inductlons-warB 
conaoBdlbrloadlno. 



SIiy-2 (CeHBank acoesaion na M15$05, 33% idendty). A (eardi of 
DNA databaw using syjuytin cDKA as the quay returns idcnticlea 
to muhiple otpreued sequence tags, pzovidiog additipnel cvi dmce 
thar«hehurttaaa>'n9«in.gene ia.r»pTirMr± DKAacwrchei also rrrgd 
die exiatentt of sereral aequences ctesely rehM to syntytin on 
human chfomosames4i ^ 7, 1£» 17, 21, 22 andX. The chromoaame 
7 seciocnce (GenBsnk accession no. AC000064^ map position 7<(21- 
7q22), containing an intact sy/uytin OR? and poaseashig 1009b 
identiiy to the syruytin cDNA, -is the best candidate for die tnie 
syncytin geoe. FLuildng sfgnences rareal the pzeaeoce of a defe^e 
piovirus that hasbfyn named as the prototype of a new endogenous 
retrovirus iusdi^ KERV-W (re£ 2). Syncyda is du envdbpe protein 
of dus endogenotu retxoviros. 

DNA firom nine spedes ms examined by Sourhem blot, probing 
vrtth ayncytin-ooding d^NA under atringenr conditions. We identi- 
fied midts^le liybndizing bands in human DNA (Hg. 2b), confinn- 
ing our public eeqaenoe databaae findiz^ Multiple copies of 
^yni^^-reiated a^ences ivere also ^obseived in thesna monkey 
DMA; however no evidence im» found, nnder the expertmeotal 
coaditionfl uaed, &r itomologues in ai^ other oxiganisms tested, 
indcdlng repceseatativei of aevoal ottar mammalian ordcm. We 
csiixtxate that tibere are at Isaat 15 cppsea of sequencea doacly nelated 
to Syncytin in the human genome. 

Synqnin gene cqjreaslon was examined in 23 human tissues by 
nordiem blot (Pig» 2a}. kobust expteaaion wu observed in placenta, 
^di two major transcripts of 4 and S kilobases Wcalcer 
escpreasion waa seen m testis, with the ^Icb transcripi predominai- 
log. We did not detea .syncyzin eaprcssion io any other human 
4^ue. Muhiple syncytin cDKA donea anbsequentiy isolated torn z 
human placaatal Ubtary were idendcahto the original ceada iaolstcio 
die syn^n-codk^ le^on. 

In situ hyhrldlzadona (Pig. 3a.b) performed on tissue sections 
prepared fromlhe vQIous region of honun placenta revtak^ that 
^cydn expression la oasiricted to syncyxtotrophoblaatik a fused cell 
type of fetal oiigia. Syncydotrophoblawts arise by ceQ fusion from 




ri(ata9^^hybridl2BllO(iaends;ncytlfl-fT^ tnaft/ 
byfirlcflzatlana of sadlana t8)oan thnuQh t\9 vdlDUa rasion of humsn aiUBniEL 
s;tl6Qa!fua contra!, facdon probof wHh dgcodSBflto-labalbd asnao-atrand djngfl&jRNA 
D, soc&tn prabfld wtd^ digo^iiflanm-tafaBllBd BntUan8»«rend ^nytfnRfiA. Arnmhaada, 
syncyMophobtasrl^ (V. cfwtonfc vSll {tetaf lh9(i6):J6. IntanfOloto space (raiamal 
otaod BpBca). c4i Syncydn-madlaiaO cell rualon. o. C30S caSs msfBOsd wftn a'vacbir 
fioiualnlno iiiB.smy^ O^na In tha ravane otiaraaflon for anresalon (laoadve ondrDO. 
d. CO$oBila banifaCM vvftfiavacBR-QoiiBlnlnQ mo s/xgdineanelntnaaenaB 
.Qrtsntalton.Radaca]atiBfa, m pm. 
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, jpiiobtsurts axul coiutxtute the boundary layer between mater- 
id ^Btal tissue. They aie important in naatanai-fietal esdiange, 
^ue remodelling during placeatal devdqpmenc and in protect-' 
(cbe dfvebping &tus^in the xnatcmal ivsmone response^. 
riral snv proteins ace often Involved in promoting cdl fusion 
s, we investigazed w^uohsr syacytin c&uld siediate fiidon in 

, jd iry vitra culture systems. Dnanafection of COS cdb with a 

fif/ii^ expression plaamid resohed in the geoesadon of largeCOS 
-"-is -(t^ig, 3c,d), often oontsining moxe thsjx 30 aggrtgated 
and wrh eadi aggregate surrounded by an ooensiva area of 
extended cytoplasm. To prove ^hot these COS syncytia arose 

Vision and iu:it by defective cell divioon, we de^ 
jnent fUnon aassy. Human lutedeukiA 12 [11-12} is a hetero- 
[c cytokine coinprising disidphide^liniced suhunits with 
^dve molecnlar tmeses (H) of 35S (p553 and 40IC (p40). Both 
-^''itB are required for UoaciSviKy; We pexfbnxud mixing eiqieti- 
using COS odb co^transfectcd in different ^xnsbinaiions 
expression plaamids carrying the genes for p35, p40 and 
^ Tin (in both forward and rcvcrtc ojtetaiiDTis). IL-12 aoMty 
le resulting conditioned medium wba used as an indicator of cell 
yxL Thble 1 aummsiitcs the results. IU12 ecdvity was detected 
bhly if p35 and p40 were cD-tnmsfsctcxl into the same batch of COS 
(Che pofiliive control), or if cdht co-tFansfecced with p40 aad 
1J« were mixed vdfib cells trttssfected with p35. 51»e latter 
ration oonfirmed that syncyjin mediates true" cdl 6ifiioa« 
j^JUxiog these eapcximentSi leveb of JL-12 generated by fitted ccQs 
t fflnslfff nr! y higher dian diose aeen in thep354>4S co^tMsipedoa 



controla. The reason (or this remains unclear. IL- 12 activity was seen 
ngsTdlass of ivheiher the bzcdi of COS cdls tranafaded with p55 
was alao joo-iranafeexed with jyncytUtt mdicaidng that hosaophiBc 
iszetaaions axe not requijed for syacy Un rHiedigttd fos^ in COS 
eells. Furtbcnnoce, we have Ibai^ dist t wide variety of ceH typti 
'canfiiseto5^7i9^'ttan5ftapdCOS.o^inciadi&ghimu& p^Ioa) 
end rodent (CHO) lines. Cell Huios waa also observed In an insea 
Jxtie CS$) e^essii^ ^yncydn (data not shown). To nde Ml the 
posiilnliry of a ubiquitously espreased ByncjPiai^'biDding protem* 
acds^in tnoffr with syncytia to mediate cidl jQtmon^ we invotigatod 
iiduxher syncytin alone ondd mediate fisuion of COS ocQs to sm^le 
lipid veaidcs.. Using human hxan lipid eatecis we geoctated 
l^dsomes enclosing a solution of a green -fiuoiesceac piptein 
(GFP) eipdctasion plaamid. TUs Hposome ptepaiaaon waa added 
sepaiatdy mODS cells oassfected with asywytin ea^xrexaiaa'Tectoc 
end to COS cells teansfbcted vnch an ocpicssion vector carrying the 
syfuyan gese to the reverse oiientatioQ (the Qegative CDctroi). We 
observed GFP fluorcsoeooe only in the COS cedls fiiaed as a 
conseqtieace of synfyim expreadon (data not 8hown}> 'iDdieaxing 
that ayncytxn acting alone can mediate membrane fiisionu Although 
lius ability is intnguing, U is not unprecedented'. 

BeWb. B human trophoblastic dioxiocareinoma line*, can he 
induced by fbrskolin to diftrenOate in vih'o into fused ceBs 
ppsemhUng sypcytiotrophoblaste^^ Figure 2c shows thai syrwytin 
cranscr^tioa in BeWo cells inaease? at least ivc^old la Ksponse 
to treatment wldi tbnlcoI£B> oorrdating wdl with the imseased 
BsWo cdl fusion seen junder iheaiimdhiona. In eontmst. a second 




nsure 4 Fusion oi sewo chanoce/dnomo coHs d QFP-tabaDed cos esBs. aii, Be^o 
calls iiiBo In rggfunss forBkblln ireaimsni. Dev/& choflocardnonta cstb oiRind In 9)8 
a&ssnra (a) nr praoBnos (b) of forakoOn wore o^-eoOuad ior 49 b «riih COS c«Oi 
transfactad wUh a GFP aicprasElwi plaanjW. Tne arofl. clrctnar,intBii«iy fluomecani 
cresn cells sra unTuBoj COS eails, Th3 larus. inoQUlSf , Issa ln»nMly ffuoaacsnt csfls arg 
BeWo p62!b i^sed to aadi oiher and id GFP^ajqjrassinp COS cells, tn Vn ^^ssna of 
forskoJln <5% of The BsWo cells were fusad: ki tvavrnmsS fmsWi 60-80% of 
BeWo eaus wars tuaai e A S^n^ tmnitocUon 4b qjlfldsnt to radste BSUto csO 
fusion. fieVto cells wbq trsnsfedBd ivhh atchar a m^tttmes^m wttor W Qfidrtlh a 



usc^GontdQing tus i^iffMy£!ngsna tn ttia revares onsnts(k» for sipnsston and eo* 
sununu for48Jl wilh SFP-eiip^sIng COSialls tiw atBsms of ftsrsicotli.fa-GOK of 
tfts Wh caps' warn fasBd by /jjuo^ilrenafsction. o^. An anB-oyncylln aniieafum can 
fBdycp tts?KolIn-lndujwJ call fusJoa BsWd chciitecailnoma csSs ware co-otoed 
In the;»faB9nce of fanlpOn for 48 ti wihh COS cBteu mtrfu d M J wift a qf=P affgaaabn 
plBsmld. Cb-duhJranaspsrfbinetfsKtwinthBpraanDatf 
anB-^mcyBn antfearuro or a 1 2Q dliuifon of ralitdt prNmmuns samm (I). Tha 
anSasnan IhniDltad^ fixation of nimrsBO^ fusad calls by 49% {± 9%. ah 
tfsiannlnaaDn^. flsd a^a hsra. 200 (un. 
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cboriocardnoi&A.lis0 which does not fast in reiponte to fonkoUs^ 
JBG3 (teL 10)» showed onlf low syruytm eacpression. Altboue^ihlB 
InetesMd aUghtly foDawizig fbzakolhi txcotmeat, ovtraS sy^^n 
.truiffcription remained lower than in uatreauxd fieWo cells. 

COS /celb were t7v»&cced with a aprssnon Ypetor aod co- 
cultured with BeWo cells previously treated or untreated with 
forskolhi (Fig. 4a,b). Many more larse, fixoed* green fluoteicent 
cellx werp observed hi the ailtnre treated with foxslooUii (Fig. 4b) 
thim in the non-forskolin-treated oontrol (Kg* 4«)i(xnd|eadQg dist 
the forskolin-indueed BeWoceSs had faatd lo the GFP-contahiing 
•COS ceEs, A azmilar izicrease in BcWo/COS cdl fusion ^uld be 
achieved in the ahaence of ferakoUn if BeWo edit were fixu 
txmiected with a synt^^ eg^prcadon vccloi {Fig. 4d), aa«)mparad 
£0 a veetor^tratixfeeted comtepl (Fig. 4^, indicating chat syTicytm 
expzeasion ja anffidpic to produce BeWo/COS.ce]] fusfop. Tb sbow 
that increased BeWo/CX)S cell fUsion in .rttpoaee to fisrsknlin 
tteatment waa a direct result of increucd oidagenoiu jyruytin 
expression in fieWo ceQs, the ezpeximeot described above (Fig. 4h) 
WBSiepeated in the presence of cither a 1:20 dilution of a rabbit anri- 
syncytin antiseruiD (Fig. 4e) or a 1:20 dilutiolh of pie-ixnnume 
rabbit senim (Fig. 4f). The anli-«yiicytln antlsecum reduced cell 
fu^n agniiicantly (to 49 996}> indicating that fryncytm is a major 
agent responsible for tbndeoUn-ioduoed Be'W!a/CCi& cdl fusion, 
although at present wp cannot role cut ihe potential involvement 
of additional proteins that may regulate cyncydn activity in yzvo. 

There have been previous reports of endogoious letroviial gene 
o^reaSion in toamrnals''"", but only a few eumples have dudy 
shown this cjcprcssion to be important La host bio W*^". Repealed 
obiqrvauans of rettoviral-like pattldes in placentJ* and the exis- 
tence of fiised placental cells morpthologUsUy roniniscsat of viiaDy 
jo duced syncyda led to the .proposat that an ancient iietinyira] 
Infection may have been a pivotal event in mainmaJlan evohitlpii'^ 
Our work provides some support for this hypotheids; howevci^ 
fiised cell cypes are found in the placentas of many mammals", snd 
ye^ we detected jtync^^-x^plated sec^uenpes on^in homans and in the 
one primate species we examined. The reason far rhis-discrepancy is 
unclear. 

The placenta is a secretary exchange organ, with syncydooopho- 
biases comprising the exchanging surfiue. Awniog that thect am 
no changes in cytoplasmic vcduma or totid meis^rine sur&ce area 
as cells five, geometry dictates that .a growing syncytium wiD 
iacifeasingly possass excess cell membrane above that needed 
aisxply to enclose cell contents, ThuSt 'syncytiiun fbonsdon in 
placenta may be a mechanism for providing an eaended sur&oe - 
for maternal —fetal exchange. Moreover* our preliminary observa- 
tions of increased IIrl2 secretion in syncytin-lused COS ceOs may 
indicate that fused cells have cnhaJiccd secretory abilltleB. SyncytiD 
may .also be Involved in directing placental morphq^nfisis. TtO' 
phoblast invasion of the znatemal daddua and fnynmeitrlnm Is a 
carefully orcfaes^ated prooes6> with i^iiSdent in&liration of die 
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Uterine wall implicated is placBotBl disorders such M pse 
eclampsia"^ and nncoatcoQed txoFphdhlast hivasion observed in 
eboriocarcinoxna end other gestationai tropbobtastic diseases''. 
We observe a rot^gblly fivefold decrease In DNA synthesis jEbUowinj^ 
.tseatment of BeWo cells with forskolin, ^d see a aimflar deoeass 
coinpsred to controls for COS cells transfected with a ^yneytSn 
^ression plasnud jCdzta not shoivn}. Syncytin may ihos also Ihnit 
invasiveness by indudfig trophohkafi fosion and termlJial dif* 
ferendation. 

Many retroviral e/iv proteins are reported to mecfiate immuno- 
suppression through a conserved segment of 25 .amino adds locstec 
In thdr extnceDular domairu''. Thia sequence is also found in 
syncytin (amlno-add residues 373-397, Fig. l], and tlms •abundant 
syfuytin escpreisioo in placental syncytiotrophoyasts may corv 
txibme towards immune tolexa&oe of the developing embryo, 
although additional mechanisms have also -been proposed*^^. 

In humans there ssists a second eodogenons xesrovinss, £117*3 
(ref. 24)» for which a sole in ptaomtal fimocioa has been 
suggested"'^. ERV-3 bears many stdkii^similQtxiies tso the systydn 
provirus. HERV-W. like HERV-W, maps to the long aim of 
duDmoaome 7, prominent tzansaipta of 3.5 end 9 kb ore 

observed in placenta and .weaker EBV-S ezpvesdon is seen in tes&. 
Notwithstanding these aimiladtieB it is dear on eioser jexamination 
that env and syncydn are very difierent EKV-.3 env has no 
obvious transmembrane region* and shares primary sequence 
homnbgy wicb syncytia osSy in the imsaiuxosuppressive peptide 
region ^cussed abo^ An hicreajie m BBV-3 snv expression was 
cotrdaiced wtdi difierendation and moc^s&d aH fooon in forskalio- 
treated or EEV-3-transfected BeWo eeDs". 7b Invesdgats whedxer 
ERV:-3 env, like syncyiint ^uld diseedy mediate cell fusion in COS 
cells, we isolsted and .chasacterized severail full»laigtb BBV-S tnv 
rDNAs from human plax^mta and transfected mto COS 
Although equivalent levds of radiolahellfid syn^n and £By-3 eav 
prodnedon could be observed on protean gida, J3KV-3 evsv did Dot 
mediate discernible cefl fusion in these experiments (dau not 
showuli, in contrast to.iync^ tranafoctions (Fig. 3d>. 

In condusion* we have idend&ed a captuioi retroViial gene> 
fyn^^, which may be important in human placental biology. 
The possibility that syncytin dkregulatloii or idysfiijnction is 
invphred in pathologies sudi ss pzeedampsia or dioriocardnoma 
is a focus of ongoing «mdles. We hope diat a dearer understanding 
ofs/neyrin gene regulation and scructuze/fimcnon may lead to new 
approaches in the dlagnoslsi prevention or tresxnicnt of these 
diseases. 

MsttiQds 

Qiemlcsis and rengsntt 

Upo&enmlni-iwu pordiuod bun Ublbcbooloai^. PoitkoUnm obldi^ tsom Si^iu. 

CaMlA DMA KoA ANA KbtE Miir jiitN-fca M<4 frwm n^^fi'U r>^,»y|g^1>t MTT> ft^^f 

fromJ <c>*h ri Tig <r MinntiWm. Hanaa bart hfiA vna finra Polar lipSdi. 

blur tamsDUum chUtida (NBT) and X-phoaphaio/S-brQirw-l'-dilAro^laioIy)* 
llboiphsifl (BCIP) wtnfit]mPoaep.DlS'-<2\lk^«lilnJ±%fw&tiBJ^^ 
I&c fioliblt 9xA-gfttcjf^ flnHOTimvai nlied t^laic i ffllxttrB*«f dik KLH-cotijoCBled 
iyiigd»pi|rtUM .(BnUan 3»^U^, fi9-74. MI-SIS, Sfi-asa sad 975-397). 

Call Haas and ptooantal ttssoas 

WggnD.dwiiocaaTianoiD« cdlliDo BfWo ood JfiGS wrpe dbiua«d^iD SeWoedll 
woe pvwnloFKlX JSCS ooibniVlBMBfid CO^l aQibiDMaM.AfllD«dlt.eQnttl8«d 
lant 4dad bo^^Do isium (SIpBti)* 2 mM i^gUicusJoD tnd 2H pT^ffJP H -^ff*yytoniy* n 
(U& Xcdmal&gju). IhatBiBali oTdmitDCAidDOnu Una wilb SO |iM ftnknfin ^rcxe 
^ahxmsii it 5D% eoiifluBoce: Broh Iiuibbp pbceatilUlilifl wu obtalnotf tnm Advuct 
DloidaBice Rooiscc* lac 

COS-1 csD traitsfbdtona 

COS-I edit wm gjuvn to 609t coofluence In t*) 00 dx«hcA. We pcrGocmttl crtnAfrinftg 
*dch cxynAiloD pUmldi** u^lng MQ unira-C^aa m^dluin conuialng So yd 
feounbie sad S p:« laial D)!^ AitCT mis bpibtdoa of ihifl pdss^ 

InipeetBda^rcdlfvloniSh after Qnu&oion. I 
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I tke So^ithcrn bb^ 4 (fcg of flpiuMBlc DKA ftvm ad) 4f BiBfl-eolirrau* vu liisatad 
i; Siai AiAI. Kpixitsd an » O?)* ■firoie gel onto qflos ownbnarti^ 

% oax S$Da}« SDS^ faoih for 2h ul «9 *tXb8fei« X-nr &I» aqpotora. Por oofdmbtoli 

^ jftv hyMdbEaliQn of piBBental IIbuv 

hbdtel^TiTn wdoBsie oad MBBc B»lA'. Scoiom itaM 

pboipbaB Mbmlsi NBTkodAOP ariBf eosdiiloni caammendcdbf ih« imnn h ftmr t 

I 

ABtdCOS-ICBlet&bilnB 

edk ^Bniabiol aitB- tzsufeolaii. CcBiwbo wuhed Mih'PBfli «ir 
wiA DSfflQttiflk fissmr (10 imn). nied viib Diff^Cnklc coludas l (ID rnSa). 

)»8S «Ad vjnidked judara Ughl xnlcweopa 
[L-12PHAUBStfl»sy 

PHA (p^r(^bs«m«stotioi«) bluts^imc petpand by ttimulttln; Iraaao po^bcnl Ueod 
«dk with J>HA £»r four dhy^Ma^ dap wfib MHA md lUlL ud km dua 

oKsd-to iDEUlue biouiiM IL-12 id « piditadvn. uay'^ 

L^josomo oel) fuabn 

rntamra vu liQrao£aniud (10 mia) wOb t bsnd-held hstno^lur aod ccnuU^god 
(50 ffios) &t OkOOOf . The penn, nscups^d in P&S* wu jddcd ta OOS-cs^ OBprtaSaz 
^n^iu GPP fo^eoilsD wai dutsaad aftp- 4fi b.bfr Saamoontt nlfi r owai p y* 



jtoHhvd Zy'Apdli ampftrf » DKanbtr im 



I. FbG^RLVbdlQAk^oOiBmilDSornlaikJUSf^ 
oidivttiu lOiDitiia famlfyh A VM*fl, nTS-l JIS (109}, 

7. %mtiAa, * Oh oUbl, fiL'VMla^ cttnuihU vlnii Hiwii vui wj;b -phwplxiOBld d»a>li> to 

JO. 0. It'BclilKEi.'W. L bebiiaD pflioniiau^pnslvJDS doSfllUad olhuii»a dxtdacmi- 

^oiHk A CUM,£iJxmrinoL W«tek SX 6M^«7 (I97n. 

I I. Ijtmiv B. « il I^miiaD oT in •nd^^aiMii MTRft 
Ok. Onl 119 (fiuppl. t), fi<l99>}. 

ftaMBHdqpipiwiabplM«lfVvheltaBafSttihfolii|Mf^^ 

59a(l9$»)- 

14. l^aa>, T I. DUkU. P. ]kMb,K Be SOwi;X Tkuittie fV«» ^ 

15. &irfL U TuHio P* ibi^ G. * Sto^ J. E PaUsialdfln^ 

!«. Kibac S. 1 #r dL A comp«f>ii«i itiidf «n ;be ptmnm arotyps Miilipaiddefai.pl«w Aw 

^rfanmiukd other alack, ftitlllma)! AW (t979* 
t^ tM«, ^ L It* mhttkm Brrl«^ W ^ S"*^ P''^^ 

V*. pgacabori, k, StoUiwen. Via, lUtwni. I. » Ptoa. 

(/kaonadiodil ph<i»ottdi»i « larf If »«^f»tY%T y ffllprii. JtoflgmX yi-W tlHli* 
If. VBC. K in MDbQxsTiA* PIii»a Onpiff ft Ctd. ^ HJ SH-179 (InK B. aiuilte Flilbdrd^ 

at OtJwU^ C. U CepgUnd. T. D» OriidttflL K«b»MI&«« hdaU8&or^avln9>« pidlftailn 

lim, l.«r iL iLdiv r inllvn KUk-a c^MWd In faUM 

(L9S&). 

35. Kba^J. 9, lafflUBbbbbsf ofFtcoHiur. Gvif. Oftu iaumel 4k«Sl-SM.(l9n}. 

J*. Mm*. IWik M- O^nirf. C fc JC«Oi «.Tbf wdwiili •'i^ «» ^ 
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During animal devdopmeqil; odU tevc to xapmkd apptopiiitelf 
to looOised «ccz«tod signflls. Proper rc^KiueB to Hedgeiiog, 
fanafyrmai^ growth haar^k cpldennal growth Victor ,wad 
SbrMMJSt ^rowTh &ctoi/Bas dgnals rcqofas cognate inducible 
antasottiats smlh » Patched, Dad. Ai^ and SproutK** 
^gtgoalfi lie crucial in dc^rio yiueat and. neoplana'. Sere veahow 
ibat nakol cuticU (nkd), a Drof^Hiia Kgmaii-polazlfy' ^ene, 
oicodes aD indudble attwgaiurt for th^ Wnt ognal WnglcsA 
<Wg). la fljr emhryos ami fmag<nal discs iil:d timBialpiloii Is 
indiicfed Wg. In embiTosi deoeafioi nlbd £is^ 
■itnrtaF to exctM at later aftage* lach a d amew a r appean to 
hove no affect CoffvezBelp; uve r pgtt i t m:Tin n vf Micd in XhvsophCa 
■nd mteprcarion of Kkd la the vartebwtfa Xmopus iarvU xmalt 
in phenolypea ywinhUng those oflott onVg/MTntfiiiictloa. rtU 
encoda a proteiB with a EF hjud (a caldtxzi^^fai^ 
rhafr « tn*>« ^dmilyg tfl Ae lecovrrin fnnily-of myriatoyl iwitcb 
piotalvau 14kd au^ tteefimlink ioa fiiBBe to tte re^^ 
potency, diiratlaa or distxihuxioB of Wnt signals. Sigasl^- lndnrihlg 
frnfe^^'V .aznaga&lsts scudh sa hkd msf luplt the .effects of Wnt 
proidas Id devalopinssit and dlsauo- 

Wg is ciitig^ for paneming events during the fcee staged cf 
anbrfonlc scgmcntstian in DrosQphUa^. First, 3-3-5 h after egg 
Uyiog (AEL), adjacent snipes of cells produce and Hedgehog 
(Hh). Xngtsaed (Eo) end Kb are produced Id the suse oeUs. 
SecOTd, between 3^ and 6 h AEL> Wg mairiMini hh/en xrsnsaiptlon 
sod Hhmflintsiaa wg tranacription, produdng a tzanSiac se^eo- 
tation j^ qrim^rlc, tbe parasegmaiTBl groove. FinsUp; &obi 6h AEL 
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